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Description 

FIELD OF THE INVENTION 

This invention relates to swellable, infusible, sol- 
vent-insoluble, tack-free, elastomeric acrylate micro- 
spheres, a method for producing such microspheres, 
and suspensions containing such microspheres. 

BACKGROUND OF THE INVENTION 

Tacky, elastomeric, acrylate microspheres are well 
known and numerous references concern the prepara- 
tion and/or use of these inherently tacky, elastomeric 
acrylate polymeric microspheres. Such solid spheres 
and their preparation are disclosed in U.S. Patent No. 
3,691,140 (Silver), assigned to the assignee of the 
present case. These microspheres are prepared by 
aqueous suspension polymerization of alkyl acrylate 
monomers and ionic comonomers, e.g., sodium meth- 
acrylate, in the presence of an emulsifier, preferably an 
anionic emulsifier. The use of a water-soluble, substan- 
tially oil-insoluble ionic comonomer is critical to prevent- 
ing coagulation or agglomeration of the microspheres. 
U.S. Patent No. 4,166,152 (Baker et al.) also describes 
solid, inherently tacky (meth) acrylate microspheres 
which are prepared by an alternative method; in this 
case from alkyl acrylate or methacrylate monomer(s) in 
the presence of both an emulsifier and an ionic suspen- 
sion stabilizer having an interfacial tension sufficient to 
prevent microsphere agglomeration. Baker et al. dis- 
closes that through the addition of an oil soluble and 
non-ionic copoiymerizable monomer, such as divinyl- 
benzene, to the microsphere composition, the tack of 
the acrylate microspheres can be varied. 

Hollow inherently tacky, elastomeric acrylate micro- 
spheres and methods for their preparation are disclosed 
in U.S. Patent No. 5.045,569 (Delgado), assigned to the 
assignee of the present case. These hollow micro- 
spheres, which have a diameter of at least 1 micrometer 
and at least one internal void, are prepared from alkyl 
acrylate or methacrylate monomer(s) and, optionally, at 
least one polar comonomer in the presence of an emul- 
sifier having the hydrophilic-lipophilic balance value suf- 
ficient to allow the formation of cavity-oontaining drop- 
lets. Delgado also discloses that the composition of 
these tacky, hollow microspheres can also contain a 
multifunctional (meth)acrylate crosslinking agent, such 
as 1 ,4-butanediol diacrylate or 1 ,6-hexanediol diacr- 
ylate, or other multifunctional crosslinking agents, such 
as divinylbenzene. 

DE 3,544,882 A1 (Nichiban) describes crosslinked 
microspheres composed of 90 to 99.5 weight percent of 
(meth)acrylate ester and 10 to 0.5 weight percent of vi- 
nyl type monomer, e.g., acrylic acid, having a reactive 
functional group through which crosslinking is achieved 
by reaction with an oil-soluble crosslinking agent. The 
microspheres are prepared by dispersing in water a so- 



lution (in organic solvent) of copolymer prepared by 
known methods such as solution, bulk, emulsion, or sus- 
pension polymerization. (However, the Nichiban refer- 
ence notes that in cases where emulsion or suspension 
s polymerization is used with water as a dispersion medi- 
um, it is not necessary to make a new aqueous disper- 
sion.) When tacky, the spheres are said to be useful in 
spray or coated sheet form as "removable adhesive". 
The stated purpose of the invention is to provide micro- 

10 spheres having a uniform particle size, but it is also stat- 
ed that the microspheres may contain other monomers 
such as vinyl acetate, styrene, acrylonitrile, methacrylo- 
nitrile, etc., "...to prevent partial transfer of the adhesive 
when the carrier (backing) is pulled away from the sub- 

is strata... - . U.S. Patent No. 4,735,837 (Miyasaka et al.) 
discloses a detachable adhesive sheet having an adhe- 
sive layer containing the "elastic micro-balls 0 disclosed 
above, wherein the microballs partially protrude from the 
surface of the adhesive layer. 

20 Silicone spherical particles are described in U.S. 
Patent No. 4,824,616 (Shimizu et al.) in which silicone 
gel particles are cured in situ in a liquid, forming uniform 
particles with diameters of 0.01 mm to 20 mm having a 
tack-free, elastomeric outer layer. Shimizu etal. teaches 

2s that these crosslinked spherical silicone particles can be 
used as vibration-resisting or shock absorbing modify- 
ing additives in organic resins. U.S. Patent No. 
4,370,160 (Ziemelis) describes a process for preparing 
radiation crosslinked solid silicone microparticles which 

30 can be used as filler particles in greases, sealants, ad- 
hesives, and other fluid compositions. 

U.S. Patent No. 3,615,972 (Morehouse) describes 
the use of organic materials, such as homopolymers or 
copolymers of alkenyl aromatic monomers, vinyl esters, 

35 acrylic esters, and/or vinyl chloride or vinylidene chlo- 
ride and the like, to encapsulate liquid blowing agents 
using a limited coalescence technique with the intent of 
producing expandable thermoplastic resinous beads. 
Morehouse teaches the use of up to about 0.6 weight 

40 % of difunctional monomers, such as divinyl benzene 
and ethylene glycol dimeth acrylate, to decrease the 
melt or flow viscosity of the thermoplastic polymer mi- 
crocapsules. 

U.S. Patent No. 3,620,988 (Cohen) describes the 
^5 polymerization of 2-ethylhexyl acrylate using a small 
amount, 0.10%, of an "unknown crosslinking monomer". 
This polymer yields a material which has pressure-sen- 
sitive adhesive characteristics that exceed such char- 
acteristics found in ordinary planar adhesive coatings. 
so Cohen also describes the use of small proportions of 
polyunsaturated monomers during the polymerization of 
acrylate and methacrylate monomers listed in his appli- 
cation. 

U.S. Patent No. 3,912,581 (Fink et al.) also de- 
55 scribes the use of crosslinking agents in the polymeri- 
zation of suspensions to make particles, but specifies 
that "the particles must be capable of thermoplastic 
welding or fusion ... upon heating". Therefore, the par- 
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tides must form a self-supporting continuous sheet. 

JP 63 260,973 (Sekisui) discloses a method of man- 
ufacture of pressure-sensitive adhesive microspheres 
ranging in particle size from 1 0-1 50 micrometers. These 
tacky microspheres are prepared through the suspen- 
sion polymerization of an acrylate or methacrylate mon- 
omer, a copolymerizable water soluble monomer, and 
from 0.01 to 0.5 parts by weight of an oil soluble multi- 
functional crosslinking agent having at least two polym- 
erizable double bonds. If more than the claimed propor- 
tion of multi-functional crosslinker is added to this com- 
position, Sekisui teaches that the high degree of 
crosslinking adversely effects the adhesion of the micro- 
spheres. A related application, JP 63 260,973 (Sekisui), 
discloses acrylate microspheres ranging from 10 to 150 
micrometers in particle size formed through the suspen- 
sion polymerization of an oil soluble (meth)acrylate with 
up to 0.5 mole % of a water-soluble multi-functional 
monomer. 

Kanda, in Radcure '86 Conference Proceedings, 
Sept. 8-11, 1986, describes microgel particles in the 
range 0.02 to 0.2 nm in diameter. The microgels were 
used as both viscosity modifiers and opacifiers. U.S. 
Patent No. 4,937,173 (Kanda et al.) describes a radia- 
tion curable liquid resin composition filed with 
crosslinked (meth)acrylate particles ranging from 0.01 
to 0.6 microns in diameter. Kanda et al. further describes 
the shear thinning effect of these particles when they 
are incorporated into the radiation curable resin of the 
invention. 

EP 420,988 A1 (Banba et al.) discloses tough and 
resilient microspheres crosslinked with oligomeric or 
polymeric multifunctional urethane acrylates. These mi- 
crospheres are formed by radical polymerization of a vi- 
nyl-functional component and a vinyl group-containing 
compound capable of radical polymerization which is 
obtained by the reaction of: one or more than one kind 
of polyol (a) containing polyester polyol and/or polyether 
polyol; one or more than one kind of compound (b) con- 
taining two or more isocyanate groups in the molecule; 
and, one or more than one kind of active hydrogen-con- 
taining vinyl monomer (c) capable of radical polymeri- 
zation. 

All of the above mentioned references disclose ei- 
ther: tacky acrylate microspheres; non-acrylate, sili- 
cone, elastomeric microspheres; or tack-free, resinous, 
non-elastomeric beads, A need thus exists for acrylate 
microspheres which are elastomeric and tack-free and 
are useful as fillers for such products as sealers, coat- 
ings, adhesives, and the like. 

SUMMARY OF THE INVENTION 

This invention provides swellable, infusible, sol- 
vent-insoluble, tack-free, elastomeric acrylate micro- 
spheres. They may be either hollow or solid micro- 
spheres. 

Specifically, the swellable, infusible, solvent-insolu- 



ble, tack-free, elastomeric, acrylate microspheres hav- 
ing a shear storage modulus of at least 1 .0 x 1 0 6 Pascals 
at 23° C and 1 Hz and a Tg less than about 0°C of the 
invention comprise: 

5 

(a) 40 to 99.7 equivalent weight % of free radically 
polymerizable monomer selected from the group 
consisting of monofunctional ethylenically unsatu- 
rated alkyl acrylate esters of non-tertiary alkyl alco- 

io hols, wherein the alkyl groups of the alcohols com- 
prise from 4 to 18 carbon atoms; monofunctional 
ethylene ially unsaturated alkyl methacrylate esters 
of non-tertiary alkyl alcohols, wherein the alkyl 
groups of the alcohols comprise from 4 to 1 8 carbon 

1$ atoms; and mixtures thereof; 

(b) optionally, 45 to 1 equivalent weight % of polar 
monomer copolymerizable with the monomer of el- 
ement (a); and 

(c) 1 0 to 0.3 equivalent weight % of a multifunctional 
20 crosslinking agent. 

These terms have the following meanings as used 
herein: 

25 1. The term "elastomeric" has been described, for 
example, as, "... applying to amorphous or non- 
crystalline materials that can be stretched to at least 
twice their original length and which will retract rap- 
idly and forcibly to substantially their original dimen- 

30 sions upon release of the force." [S.L. Rosen, Fun- 
damental Principles of Polymeric Materials, Wiley : 
New York, p. 314(1982)]. 

2. The term "tack-free" indicates that the materials 
display no perceived tack when subjected to a 

35 "thumb test" as described by D.S. Satas in the 
Handbook of Pressure Sensitive Adhesive Technol- 
ogy , 2nd ed., Von Nostrand Reinhold : New York, p. 
39(1989). 

3. The term "solvent insoluble" in reference to a pol- 
40 ymeric material refers to a polymeric material which 

is not dispersed on a molecular level in common or- 
ganic solvents. 

4. The term "solvent swellable" in reference to a pol- 
ymeric material refers to a polymeric material that 

45 swells in solvent to an extent larger than its original 
dimension and forms a dispersion consisting, sub- 
stantially, of individual particles. 

5. The terms "equivalent wt % M or "equivalent weight 
%" of a given compound mean the number of equiv- 

50 alents of that compound divided by the total number 
of equivalents in the composition, wherein an equiv- 
alent is the number of grams divided by the equiv- 
alent weight. The equivalent weight means the mo- 
lecular weight divided by the number of polymeriz- 

55 able groups in the monomer (in the case of those 
monomers with only one polymerizable group, 
equivalent weight = molecular weight). 

6. The term "droplet" means the liquid stage of the 
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microspheres prior to the completion of polymeriza- 
tion. 

7. The term "cavity" means a space within the walls 
of a droplet or microsphere when still in the suspen- 
sion or dispersion medium prior to drying, and thus s 
containing whatever medium was used. 

8. The term "void" means an empty space com- 
pletely within the walls of a polymerized micro- 
sphere. 

9. The term "hollow" means containing at least one 10 
void or cavity. 

10. The term "shear storage modulus" represents, 
"...the stored elastic strain energy when a polymer 
sample is stressed at a given strain rate." [Taken 
from S.L Rosen, Fundamental Principles of Poly- is 
meric Materials , Wiley : New York, p. 259 (1982).] 

All percents, parts, and ratios described herein are 
by weight unless specifically stated otherwise. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

Alkyl acrylate esters and methacrylate esters useful 
in preparing the microspheres of this invention are se- 
lected from the group consisting of monofunctional eth- 25 
ylenically unsaturated alkyl acrylate esters and alkyl 
methacrylate esters of non-tertiary alkyl alcohols, the 
alkyl groups of which have from about 4 to about 1 8 car- 
bon atoms, typically about 4 to 14 carbon atoms. Such 
monomers are oleophilic, water emulsifiable, have re- 30 
stricted water solubility, and as homopolymers, gener- 
ally have glass transition temperatures below about 
-20°C. Included within this class of monomers are, for 
example, those monomers selected from the group con- 
sisting of isooctyl acrylate, 4-methyl-2-pentyl acrylate, 35 
2-methylbutyl acrylate, isoamyl acrylate, sec-butyl acr- 
ylate, n-butyl acrylate, 2-ethylhexyl acrylate, isodecyl 
methacrylate, isononyl acrylate, isodecyl acrylate, octa- 
decyl acrylate, octadecyl methacrylate, mixtures there- 
of, and the like. Preferred acrylate monomers include *o 
those selected from the group consisting of isooctyl acr- 
ylate, isononyl acrylate, isoamyl acrylate, isodecyl acr- 
ylate, 2-ethylhexyl acrylate, n-butyl acrylate, sec-butyl 
acrylate, mixtures thereof, and the like. 

Alkyl acrylate esters, alkyl methacrylate esters, or 45 
other free radically polymerizable monofunctional ethyl- 
enlcally unsaturated vinyl monomers which, as 
homopolymers, have glass transition temperatures 
higher than about -20°C, e.g., tert-butyl acrylate, isobor- 
nyl acrylate, butyl methacrylate, vinyl acetate, and the so 
like, may be utilized in conjunction with one or more of 
the alkyl acrylate esters or alkyl methacrylate esters pro- 
vided that the glass transition temperature of the result- 
ant polymer is below about -20°C. Tack-free micro- 
spheres of the invention may be prepared using acrylate 55 
or methacrylate monomer(s) alone or in combination 
with other vinyl monomers, e.g., vinyl acetate, provided 
that the glass transition temperature of the resultant pol- 



ymer is below about -20°C. 

The microspheres of the invention may optionally 
further comprise polar copolymerizable monomer(s). 
The polar monomer(s) selected must be copolymeriza- 
ble with the alkyl acrylate esters and/or alkyl methacr- 
ylate esters. Examples of useful polar copolymerizable 
monomers include those selected from the group con- 
sisting of strongly polar copolymerizable monomers 
such as ethylenically unsaturated monocarboxylic and 
dicarboxylic acids, hydroxyalkyl acrylates, cyanoalkyl 
acrylates, acrylamides, substituted acrylamides, and 
mixtures thereof, and those selected from the group 
consisting of moderately polar copolymerizable mono- 
mers such as N-vinyl pyrrolidone, acrylonitrile, and mix- 
tures thereof. Preferred polar monomers include those 
selected from the group consisting of acrylic acid, am- 
monium acrylate, acrylonitrile, n-vinyl pyrrolidone, and 
mixtures thereof. 

The composition used to prepare the microsphere 
also contains a multifunctional crosslinking agent. The 
term "multifunctional" as used herein refers to crosslink- 
ing agents which possess two or more free radically po- 
lymerizable ethylenically unsaturated groups. Useful 
multifunctional crosslinking agents include those select- 
ed from the group consisting of acrylic or methacrylic 
esters of diols such as butanediol, triols such as glycer- 
ol, and tetraols such as pentaerythritol. Other useful 
crosslinking agents include those selected from the 
group consisting of other multifunctional vinyl com- 
pounds and multifunctional acrylated oligomers. Pre- 
ferred crosslinking agents include those selected from 
the group consisting of multifunctional (meth)acrylates, 
e.g., 1,4-butanediol diacrylate or 1,6-hexanedioi diacr- 
ylate; polyvinylic crosslinking agents, such as substitut- 
ed and unsubstituted divinylbenzene; and difunctional 
urethane acrylates, such as Ebecryl™ 270 and Ebecr- 
yl™ 230 (1500 weight average molecular weight and 
5000 weight average molecular weight acrylated poly- 
urethanes, respectively - both available from Radcure 
Specialties). 

The relative amounts of the above components are 
important to the properties of the resultant microsphere. 
As indicated above, the microspheres comprise 40 to 
99.7 equivalent weight % alkyl acrylate ester(s), alkyl 
methacrylate ester(s), or mixtures thereof; optionally 45 
to 1 equivalent weight % polar monomer; and 10 to 0.3 
equivalent weight % multifunctional crosslinking agent. 
Preferably, the microspheres of the invention comprise 
80 to 99.7 equivalent weight % of alkyl acrylate or alkyl 
methacrylate ester or mixtures thereof, 0 to 20 equiva- 
lent weight % polar copolymerizable monomer, and 0.3 
to 7.0 equivalent weight % of multifunctional crosslink- 
ing agent. 

If too much alkyl acrylate ester or alkyl methacrylate 
ester is used or if too little multifunctional crosslinking 
agent is used, the shear storage modulus of the micro- 
spheres falls below 1 .0 x 10 6 Pascals at 23°C and 1 Hz 
and the microspheres become tacky. If insufficient alkyl 
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acrylate ester or alkyl methacrylate ester is used or if 
too much multifunctional crosslinking agent is used, the 
Tg rises and the microspheres of the present invention 
become glassy. 

The microspheres of the invention possess a shear s 
storage modulus of at least 1.0 x 10 6 Pascals at 23°C 
and 1 Hz. This threshold [as described by D. Satas in 
The Handbook of Pressure Sensitive Adhesive Technol- 
ogy , 2nd ed., Von Nostrand Reinhold : New York, p. 
1 72-1 73 (1 989), exceeds the Dahlquist Criterion which io 
states that, to exhibit pressure sensitive adhesive prop- 
erties at room temperature (i.e., to be "tacky "), such ad- 
hesive must have a 1 -second creep compliance greater 
than 1 x 10 6 dyne/cm 2 . This creep compliance value 
translates into a maximum shear storage modulus of 5 is 
X 106 dynes/cm 2 , or 5 x 10& Pascals, at 23°C and 1 Hz. 

The microspheres of the invention have a glass 
transition temperature (Tg) of less than about 0°C, pref- 
erably about -100°C to about -20°C. If the glass transi- 
tion temperature of the microspheres rises above 0°C, 20 
then the microspheres will become glassy and have re- 
duced elasticity. 

The microspheres of the invention are tack-free. 
They are elastomeric, insoluble but swellable in organic 
solvents, and small, typically having diameters of at 2s 
least 1 micrometer, preferably in the range of about 1 to 
about 250 micrometers. The microspheres prepared by 
the methods of this invention may be solid or may have 
one or more internal voids. When hollow, the voids of 
the microspheres typically range in size of up to about 30 
100 micrometers or larger. 

The microspheres of the invention are tack-free, 
and do not form coherent films. 

Copending U.S. Application Serial No. 07/629,519, 
Delgado et al., filed December 18, 1990 (assigned to 35 
the assignee of the present case), describes the use of 
the swellable, elastomeric microspheres dispersed in an 
alkyl acrylate pressure sensitive adhesive matrix, the 
microspheres and matrix forming an interpenetrating 
polymer network within the boundaries of the micro- 40 
spheres. Pressure-sensitive adhesives containing the 
microspheres provide enhanced optical clarity, im- 
proved low temperature damping properties, and in- 
creased tack over the unfilled pressure sensitive adhe- 
sive matrix. 45 

Processes for making tacky microspheres are dis- 
closed in U.S. Patent Nos. 3,691 ,140 (Silver); 4,166,152 
(Baker et al.); and 5,045,569 (Delgado). 

Manufacturing processes for the tack-free hollow 
microspheres of the invention include the preparation of so 
aqueous suspensions by a "two-step" em unification 
process which first involves forming a water-in-oil emul- 
sion of a water phase consisting of water and, optionally, 
at least one polar monomer within oil phase comprising 
at least one alkyl acrylate ester or alkyl methacrylate es- ss 
ter, at least one multifunctional crosslinking agent, and 
at least one oil-soluble free radical initiator using an 
emulsifier having a low hydrophilic-lipophilic balance 



(HLB) value. Suitable emulsifiers are those having an 
HLB value below about 7, preferably in the range of 
about 2 to about 7. Examples of such emulsifiers include 
sorbitan monoleate, sorbitan trioleate, and ethoxylated 
oleyl alcohol such as Brij™ 93, available from Atlas 
Chemical Industries, Inc. Thus, in this first step, oil 
phase monomer(s), emulsifier, an oil-soluble free radi- 
cal initiator, and a multifunctional crosslinking agent as 
defined above are combined to form an oil phase mix- 
ture. An aqueous solution of all or a portion of the polar 
monomer(s), if used, is then agitated and poured into 
the oil phase mixture to form a water-in-oil emulsion. A 
thickening agent, e.g., methyl cellulose may also be in- 
cluded in the aqueous phase of the water-in-oil emul- 
sion. In the second step, a water-in-oil-in-water emul- 
sion is formed by dispersing the water-in-oil emulsion of 
the first step into an aqueous phase containing an emul- 
sifier having an HLB value above about 6. If polar mon- 
omers) is used, then the aqueous phase may also con- 
tain any portion of the polar monomer(s) which was not 
added in step one. Examples of emulsifiers having an 
HLB value above about 6 include ethoxylated sorbitan 
monooleate, ethoxylated lauryl alcohol, and alkyl sul- 
fates. In both steps, emulsifier is utilized at a concentra- 
tion greater than its critical micelle concentration, which 
is herein defined as the minimum concentration of emul- 
sifier necessary for the formation of micelles, i.e., sub- 
microscopic aggregations of emulsifier molecules. Crit- 
ical micelle concentration is slightly different for each 
emulsifier, usable concentrations typically ranging from 
about 1.0 x 10" 4 to about 3 moles/liter. Additional detail 
concerning the preparation of water-in-oil-in-water 
emulsions, i.e., multiple emulsions, may be found in var- 
ious literature references, e.g., Surfactant Systems: 
Their Chemistry, Pharmacy, & Biology, (D. Attwood and 
A. T. Florence, Chapman & Hall Limited, New York, New 
York, 1 983). The final process step of this method of the 
invention involves the application of heat or radiation to 
initiate polymerization of the monomers. Useful initiators 
are those which are normally suitable for free radical po- 
lymerization of acrylate monomers and which are oil- 
soluble and of very low solubility in water. Examples of 
such initiators include those selected from the group 
consisting of thermally-activated initiators such as azo 
compounds, hydroperoxides, peroxides, and the like, 
and photoinitiators such as benzophenone, benzoin 
ethyl ether, and 2,2-dimethoxy-2-phenyl acetophenone. 
Use of a water-soluble polymerization initiator causes 
formation of substantial amounts of latex. The extremely 
small particle size of latex particles renders any signifi- 
cant formation of latex undesirable. The initiator is gen- 
erally used in an amount ranging from about 0.01 per- 
cent up to about 1 0 percent by weight of the total polym- 
erizable composition (i.e. the following if used: monomer 
such as alkyl acrylate ester, alkyl methacrylate ester, vi- 
nyl monomer, and/or polar monomer and crosslinking 
agent), preferably about 0.01 percent to about 5 per- 
cent. 
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Aqueous suspensions of hollow microspheres may 
also be prepared by a "one-step 1 emulsification process 
comprising aqueous suspension polymerization of at 
least one alkyl acrylate ester or alky! methacrylate ester, 
multifunctional crosslinking agent(s), and at least one 
polar monomer in the presence of at least one emulsifier 
capable of producing a water-in-oil emulsion inside the 
droplets which is substantially stable during emulsifica- 
tion and polymerization. As in the two-step emulsifica- 
tion process, the emulsifier is utilized in concentrations 
greater than its critical micelle concentration. In general, 
high HLB emulsifiers are required, i.e., emulsifiers hav- 
jng an HLB value of at least about 25, will produce stable 
cavity-containing droplets during the polymerization, 
and are suitable for use in this one-step process. Exam- 
ples of such emulsifiers include alkylarylether sulfates 
such as sodium alkylarylether sulfate, e.g., Triton™ VW 
30, available from Rohm and Haas, alkylarylpolyether 
sulfates such as alkylary!poly(ethyIene oxide) sulfates, 
preferably those having up to about 4 ethyleneoxy re- 
peat units; alkyl sulfates such as sodium lauryl sulfate, 
ammonium lauryl sulfate, triethanolamine lauryl sulfate, 
and sodium hexadecyl sulfate; alkyl ether sulfates such 
as ammonium lauryl ether sulfate; and alkylpolyether 
sulfates such as alkyl poly(ethylene oxide) sulfates, 
preferably those having, up to about 4 ethyleneoxy units. 
Alkyl sulfates, alkyl ether sulfates, and alkylarylether 
sulfates are preferred as they provide multiple voids 
having maximum void diameters per microsphere for a 
minimum amount of surfactant. Polymeric stabilizers 
may also be present. 

Aqueous suspensions of solid microspheres may 
also be prepared by the "one-step" emulsification proc- 
ess described in U.S. Patent No. 3,691,140 (Silver), 
comprising aqueous suspension polymerization of at 
least one alkyl acrylate or alkyl methacrylate ester mon- 
omer, a multifunctional crosslinking monomer or mono- 
mers, at least one emulsifier in a concentration greater 
than its critical micelle concentration, and optionally, at 
least one polar monomer. Examples of such emulsifiers, 
which are preferably anionic, include: alkylarylether sul- 
fates such as sodium alkylarylether sulfate, e.g., Tri- 
ton™ W/30, available from Rohm and Haas; alkylaryl- 
polyether sulfates such as alky!arylpoly(ethylene oxide) 
sulfates; alkyl sulfates such as sodium lauryl sulfate, 
ammonium lauryl sulfate, triethanolamine lauryl sulfate, 
and sodium hexadecyl sulfate; alkyl ether sulfates such 
as ammonium lauryl ether sulfate; and alkylpolyether 
sulfates such as alkyl polyethylene oxide) sulfates. 
Alkyl sulfates, alkyl ether sulfates, and alkylarylether 
sulfates are preferred as they provide solid, tack-free 
acrylate microspheres which are easily dispersed. Alky- 
larylpolyether sulfonates such as alkylarylpoly(ethylene 
oxide) sodium sulfonate (e.g., Triton™ X-200, commer- 
cially available from the Rohm and Haas Co.), alkyl ben- 
zene sulfonates such as p-dodecyl benzene sodium sul- 
fonate (e.g., Siponate DS-10™, commercially available 
from Alcolac, Inc.) and other sulfonate emulsifiers are 



also preferred. Non-ionic emulsifiers, e.g. Siponic™ Y- 
500-70 (ethoxylated oleyl alcohol available from Alcol- 
ac, Inc.), can also be utilized alone or in conjunction with 
anionic emulsifiers. Polymeric stabilizers, such as those 
s described in U.S. Patent No. 4,166,152 (Baker et aL), 
such as neutralized poly(acrylic acid), may also be 
present. 

Following polymerization by any of the useful proc- 
esses, an aqueous suspension of the tack-free micro- 
10 spheres is obtained which is stable to agglomeration or 
coagulation under room temperature conditions. The 
suspension may have non-volatile solids contents of 
from about 1 0 to about 50 percent by weight. Upon pro- 
longed standing, the suspension separates into two 
15 phases, one phase being aqueous and substantially 
free of polymer, the other phase being an aqueous sus- 
pension of microspheres. Both phases may contain a 
minor portion of small latex particles. Decantation of the 
microsphere-rich phase provides an aqueous suspen- 
se sion having a non-volatile solids content on the order of 
about 40 to about 70 percent which, if shaken with water, 
will readily redisperse. If desired, the aqueous suspen- 
sion of microspheres may be utilized immediately fol- 
lowing polymerization to provide tack free micro- 
25 spheres. 

The microspheres, with sufficient agitation, will 
readily disperse in common organic liquids such as ethyl 
acetate, tetrahydrofuran, heptane, 2-butanone, ben- 
zene, and cyclohexane. 
30 The microspheres of the invention are useful as low 
Tg, low modulus fillers for sealers, coatings, and adhe- 
sives. They can also be useful as dry lubricants, vibra- 
tion damping materials, and rheology control agents. 
These and other aspects of the inventions are illustrated 
35 by the following examples which should not be viewed 
as limiting in scope. 

ABBREVIATIONS & TRADENAMES 

40 Ebecryl™ 270 acrylated polyurethane having a 

weight average molecular weight 
of 1500, available from Radcure 
Specialties 

Ebecryl™ 230 acrylated polyurethane having a 

45 weight average molecular weight 

of 5000, available from Radcure 
Specialties 

Lucidol™ 70 benzoyl peroxide available from 

Atochem North America, Inc. 
so standapol™ A ammonium lauryl sulfate availa- 
ble from Henkel, GA. 

Accostrength™ 86 acrylamide - sodium acrylate co- 
polymer available from American 
Cyanamid Co. 
55 lOA isooctyl acrylate 

AA acrylic acid 

BDA 1 ,4-butanediol diacrylate 
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Examples 1-9 illustrate the preparation of solid, 
crosslinked microspheres having moderate crosslink 
densities. All microspheres prepared according to these 
examples were found to be tack-free. 

s 

Example 1 

A 2-liter resin flask was charged with 900 ml of water 
and 6.0 grams of acrylic acid. The mixture was stirred 
and neutralized to a pH of 7.0 with concentrated ammo- 10 
nium hydroxide. 292.5 grams of IOA, 1 .5 grams of BDA 
(0.93 equivalent wt %) and 1.42 grams of Lucidol™ 70 
initiator were added and the flask sealed and purged 
with argon three times. Standapol™ A anionic sur- 
factant, 12 g., was then added to the flask and the con- is 
tents purged with argon once more. The mixture was 
agitated at 350 rpm while heating to 60°C tor approxi- 
mately 20 hours. Upon cooling, a suspension of tack- 
free, elastomeric microspheres, with an average diam- 
eter of 49.6 microns, was obtained. 20 

Particles prepared in this way are completely insol- 
uble in all organic solvents. The particles swell in sol- 
vent, e.g. 70/30 heptane/isopropanol mixtures, to give 
a volume swell factor of about 5.5 (increase in diameter 
of 1.77 times). 2s 

Examples 2-4 

The procedure of Example 1 was followed except 
that the amount of BDA was changed. Increasing the 30 
BDA content decreases the volume swell factor sub- 
stantially, viz. for BDA contents of 1.0, 2.0, and 4.0 
weight % (1.9, 3.8 and 7.1 equivalent wt. %), volume 
swell factors of 3.1 , 2.2, and 1 .1 , respectively, were ob- 
served. 3S 

Example 5 

The procedure of Example 1 was followed. Ebecr- 
yl™ 270, 40.3 grams (3.3 equivalent weight %), was 40 
used in the above recipe in place of BDA. Microspheres 
having average diameters of 30 microns were obtained. 
Ebecryl™ 230, 40.3 grams (0.93 equivalent weight %), 
can be substituted with similar results. Microspheres 
having average diameters of 30 microns were obtained. 45 

Example 6 

The procedure of Example 1 was followed except 
that 150 grams of lauryl acrylate was copolymerized so 
with 0.75 gram of BDA (0.8 equivalent wt. %) and 3.6 
grams of ammonium acrylate to yield microspherical 
particles of about 36.5 microns in diameter. These par- 
ticles swell in 65/35 wt % heptane/isopropanol to give 
an increase in volume of about 3.34 times the original ss 
volume of the particle. 



Example 7 

The procedure of Example 6 was followed except 
that 1 .5 grams of BDA (0.3 equivalent wt. %) and 292.5 
grams of iso-nonyl acrylate was used in place of lauryl 
acrylate. Particles of about 95 microns in diameter were 
obtained. The relative swelling volume, as tested above, 
was 1.26. 

Example 8 

The procedure of Example 6 was followed except 
that 1 .5 grams of BDA (0.69 equivalent wt. %) and 292.5 
grams of 2-methylbutyl acrylate was used in place of 
lauryl acrylate. The polymerization was quite exother- 
mic with the temperature rising to about 100°C before 
the polymerization was cooled externally with an ice/wa- 
ter bath. Tack-free, elastomeric particles with an aver- 
age diameter of 39.9 microns were obtained. The rela- 
tive swelling volume, as tested above, was 11 .4. 

The following Example 9 illustrates the preparation 
of tack-free microspheres that do not contain an ionic 
comonomer. 

Example 9 

To a 2-liter resin flask was added 900 ml deionized 
water and 30 grams of a 15 wt. % solution of Accos- 
trength™ 86 in water. The mixture was neutralized to 
pH 7.0 with concentrated ammonium hydroxide. IOA, 
288 g. t 10.0 grams of BDA (7.5 equivalent wt. %) and 
1 .2 grams of Lucidol™ 70 were added and the flask 
purged three times with argon. Standapol™ A, 12.0 
grams, was then added, the polymerization mixture 
purged once with argon, and the stirrer speed set to 450 
rpm. The stirred mixture was then heated to 60°C for 20 
hours to obtain a suspension of tack-free, elastomeric 
microspheres with an average diameter of 52.3 microns. 

Examples 1 0-1 3 illustrate the preparation of hollow, 
tack-free, elastomeric microspheres. 

Example 10 

Into a one-liter resin reactor equipped with mechan- 
ical stirrer, condenser, and inlet-outlet lines for vacuum 
and argon, 450 grams of deionized water, 135 grams of 
IOA, 9 grams of AA, 6 grams of BDA (6.5 equivalent wt. 
%), and 0.71 gram of Lucidol™ 70 were charged. Vac- 
uum was applied to evacuate the reactor atmosphere, 
and the reactor was then purged with argon. The agita- 
tion was set to 200 rpm and when the initiator had dis- 
solved, 6.0 grams of Standapol™ A were added and the 
agitation increased to 400 rpm. The temperature of the 
reactor was raised to 60°C and maintained at such tem- 
perature for 22 hours. An argon purge was maintained 
during the polymerization. After the 22-hour period, the 
suspension was allowed to cool to room temperature. 
The reactor was emptied and the suspension filtered. 



13 



EP 0 617 708 B1 



14 



Optical microscopy revealed hollow microspheres 10 to 
60 microns in diameter suspended in water. The major- 
ity of the microspheres contained a central cavity diam- 
eter of about 25 to 30% the diameter of the micro- 
spheres. 

Example 11 

In a one liter resin reactor equipped with mechanical 
stirrer, 450 grams of deionized water and 6.0 grams of 
Standapol™ A were charged. The agitation was set to 
200 rpm and the reactor heated to 65°C. In a separate 
container 1 39.5 grams of IOA, 9 grams of AA, 1 .5 grams 
of BDA (1.7 equivalent weight %), and 0.71 gram of Lu- 
cidol™ 70 were mixed. When the temperature of the re- 
actor reached 65°C and the initiator had dissolved in the 
93:6:1 weight % IOA: AA: BDA monomer mixture, the 
monomer mixture was added to the reactor while stirring 
at 400 rpm. The temperature of the reactor dropped to 
60°C and was maintained at 60°C for 22 hours. After 
the 22-hour period, the suspension was allowed to cool 
to room temperature and the suspension filtered. Hollow 
microspheres of about 55 microns in diameter were ob- 
tained. The majority contained a central cavity diameter 
of about 50% the diameter of the microspheres. 

Example 12 



(a) 40 to 99.7 equivalent weight %of free rad- 
ically polymerizable monomer selected from 
the group consisting of alkyl acrylate esters of 
non-tertiary alkyl alcohols, wherein the alkyl 

5 groups of the alcohols comprise from 4 to 18 

carbon atoms; alkyl methacrylate esters of non- 
tertiary alkyl alcohols, wherein the alkyl groups 
of the alcohols comprise from 4 to 18 carbon 
atoms;- and mixtures thereof; 

10 (b) optionally, 45 to 1 equivalent weight % polar 

monomer copolymerizable with the monomer 
of element (a); and 

(c) 1 0 to 0.3 equivalent weight % of a multifunc- 
tional crosslinking agent. 

75 

2. The microsphere of claim 1 wherein said micro- 
sphere is hollow. 

3. The microsphere of claim 1 wherein said micro- 
20 sphere is solid. 

4. A swellable, solvent-insoluble, tack-free, elasto- 
meric, acrylate microsphere having a shear storage 
modulus of at least 1 .0 x 10 6 Pascals at 23°C and 

25 1 Hz and a Tg of less than about 0°C, wherein said 
microsphere comprises the polymerization product 
of: 



The procedure of Example 11 was followed. The 
monomer composition used was 92:6:2 weight % IOA: 30 
AA:BDA (3.4 equivalent wt. % BDA). Optical microscopy 
revealed hollow microspheres 10 to 60 microns in diam- 
eter suspended in water. 

Example 1 3 35 

The procedure of Example 12 was followed. The 
monomer composition used was 93.5:6:0.5 weight % 
IOA: AA: BDA (0.85 equivalent wt. %). Optical microsco- 
py revealed hollow microspheres 10 to 60 microns in *o 
diameter suspended in water. 

Various modifications and alterations of this inven- 
tion will become apparent to those skilled in the art with- 
out departing from the scope and spirit of this invention, 
and should be understood that this invention is not to be *s 
unduly limited to the illustrated embodiments set forth 
herein. 



Claims so 

1. A swellable, solvent-insoluble, tack-free, elasto- 
meric, acrylate microsphere having a shear storage 
modulus of at least 1.0 x 10 6 Pascals at 23°C and 
1 Hz and a Tg of less than about 0°C, wherein said 55 
microsphere comprises the polymerization product 
of: 



(a) 80 to 99.7 equivalent weight % of free rad- 
ically polymerizable monomer selected from 
the group consisting of isooctyl acrylate, 4-me- 
thyl-2-pentyl acrylate, 2-methylbutyl acrylate, 
isoamyl acrylate, sec-butyl acrylate, n-butyl 
acrylate, 2-ethylhexyl acrylate, isodecyl meth- 
acrylate, isononyl acrylate, isodecyl acrylate, 
and mixtures thereof; 

(b) optionally, 0 to 20 equivalent weight % polar 
monomer copolymerizable with the monomer 
of element (a) wherein said polar monomer is 
selected from the group consisting of ethyleni- 
cally unsaturated monocarboxylic and dicarbo- 
xylic acids, hydroyalkyl acrylates, cyanoalkyl 
acrylates, acrylamides, substituted acryla- 
mides, N-vinyl pyrrolidone, acrylonitrile, and 
mixtures thereof; and 

(c) 7 to 0.3 equivalent weight % of a multifunc- 
tional crosslinking agent wherein said multi- 
functional crosslinking agent is selected from 
the group consisting of multifunctional (meth) 
acrylates, polyvinylic crosslinking agents, and 
difunctional urethane acrylates. 

The microsphere of claim 4 wherein said micro- 
sphere is hollow. 

The microsphere of claim 4 wherein said micro- 
sphere is solid. 
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7. A process for preparing an aqueous suspension of 
hollow microspheres of claim 2 having a diameter 
of at least 1 micrometer, said process comprising 
the steps of: 

5 

a) forming a water-in-oil emulsion by combining 
(i) a water phase consisting of water and, if 
used, at least one polar monomer; with (ii) an 
oil phase comprising of at least one oil phase 
monomer selected from the group consisting of 10 
alky! acrylate esters of non-tertiary alkyl alco- 
hols, wherein the alkyl group of the alcohols 
comprise from 4 to 18 carbon atoms; alkyl 
methacrylate esters of non-tertiary alkyl alco- 
hols, wherein the alkyl group of the alcohols is 
which comprise from 4 to 1 8 carbon atoms; and 
mixtures thereof; a multifunctional crosslinking 
agent; and at least one oil-soluble, free radical 
initiator; 

b) forming a water-in-oil-in-water emulsion by 20 
dispersing the water-in-oil emulsion into an 
aqueous phase containing an emulsifier having 

a hydrophilic-lipophilic balance of at least 6; 
and 

c) initiating polymerization. 25 

t 

8. A process for preparing an aqueous suspension of 
the hollow microspheres of claim 2 having a diam- 
eter of at least 1 micrometer, said process compris- 
ing the steps of: 30 

a) forming droplets by mixing together 

i) at least one monomer selected from the 
group consisting of alkyl acrylate esters of 35 
non-tertiary alkyl alcohols, wherein the 
alkyl group of the alcohols comprise from 

4 to 18 carbon atoms; alkyl methacrylate 
esters of non-tertiary alkyl alcohols, where- 
in the alkyl group of the alcohols comprise 40 
from 4 to 18 carbon atoms; and mixtures 
thereof; 

ii) at least one polar monomer; 

iii) at least one multifunctional crosslinking 
agent; 45 

iv) at least one emulsifier which is capable 
of producing a water-in-oil emulsion inside 
said droplets; said emulsion being sub- 
stantially stable during emulsification and 
polymerization; 50 

v) at least one oil-soluble free radical initi- 
ator; 

vi) an aqueous phase; and 

b) initiating polymerization. 55 

9. The aqueous suspension formed according to the 
method of claim 7. 



10. The aqueous suspension formed according to the 
method of claim 8. 



Patentanspruch 

1. Quellbare, in Losungsmittel unlosliche, nichtklebri- 
ge elastomere Acryiatmikrokugel mit einem dyna- 
mischen Schubmodul von wenigstens 1,0 x 10 6 
Pascal bei 23°C und 1 Hz und einem T g von weniger 
als etwa 0°C, wobei die Mikrosphare das Polyme- 
risationsprodukt von: 

(a) 40 bis 99,7 Aquivalentgewichtsprozent ei- 
nes radikalisch polymerisierbaren Monomers, 
das aus der Gruppe ausgewahlt ist, die aus Al- 
ky lac rylatestern nichttertiarer Alkylalkohole, 
wobei die Alkylgruppen der Alkohole 4 bis 18 
Kohienstoffatome umfassen, Alkylmethacryla- 
testern nichttertiarer Alkylalkohole, wobei die 
Alkylgruppen der Alkohole 4 bis 1 8 Kohienstoff- 
atome umfassen, und Gemischen davon be- 
steht; 

(b) gegebenenfalls 45 bis 1 Aquivalentge- 
wichtsprozent eines polaren Monomers, das 
mit dem Monomer von Element (a) copolyme- 
risierbar ist; und 

(c) 1 0 bis 0,3 Aquivalentgewichtsprozent eines 
multifunktionellen Vernetzungsmittels umfaBt. 

2. Mikrosphare gemaB Anspruch 1, wobei die Mikro- 
sphare hohl ist. 

3. Mikrosphare gemafl Anspruch 1 , wobei die Mikro- 
sphare massiv ist. 

4. Quellbare, in Losungsmittel unlosliche, nichtklebri- 
ge elastomere Acryiatmikrokugel mit einem dyna- 
mischen Schubmodul von wenigstens 1,0 x 10 6 

' Pascal bei 23°C und 1 Hz und einem T g von weniger 
als etwa 0°C, wobei die Mikrosphare das Polyme- 
risationsprodukt von: 

(a) 80 bis 99,7 Aquivalentgewichtsprozent ei- 
nes radikalisch polymerisierbaren Monomers, 
das aus der Gruppe ausgewahlt ist, die aus 
Isooctylacrylat, 4-Methyl-2-pentylacrylat, 
2-Methylbutylacrylat, Isoamylacrylat, sec-Bu- 
tylacrylat, n-Butylacrylat, 2-Ethylhexylacrylat, 
Isodecylmethacrylat, Isononylacrylat, Isode- 
cylacrylat und Gemischen davon besteht; 

(b) gegebenenfalls 0 bis 20 Aquivalentge- 
wichtsprozent eines polaren Monomers, das 
mit dem Monomer von Element (a) copolyme- 
risierbar ist, wobei das polare Monomer aus der 
Gruppe ausgewahlt ist, die aus ethylenisch un- 
gesattigten Monocarbon- und Dicarbonsauren, 
Hydroxyaikylacryiaten, Cyanalkylacrylaten, 
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Acrylamiden, substituierten Acrylamiden, N- 
Vinylpyrrolidon, Acrylnitril und Gemischen da- 
von besteht; und 

(c) 7 bis 0,3 Aquivalentgewichtsprozent eines 
multifunktionellen Vernetzungsmittels, wobei s 
das multifunktionelle Vernetzungsmittel aus 
der Gruppe ausgewahlt ist, die aus multifunk- 
tionellen (Meth)acrylaten, polyvinylischen Ver- 
netzungsmitteln und difunktionellen Uretha- 
nacnylaten besteht, to 

umfaBt. 

Mikrosphare gemaB Anspruch 4, wobei die Mikro- 
sphare hohl ist. ts 

Mikrosphare gemaB Anspruch 4, wobei die Mikro- 
sphare massiv ist. 

Verfahren zur Herstellung einer waBrigen Suspen- 20 
sion hohler Mikrospharen gemaB Anspruch 2, die 
einen Durchmesser von wenigstens 1 Mikrometer 
haben, wobei das Verfahren die folgenden Schritte 
umfaBt: 

25 

(a) Bilden einer Wasser-in-6l-Emulsion durch 
Kombinieren von (i) einer Wasserphase, die 
aus Wasser sowie, falls verwendet, wenigstens 
einem polaren Monomer besteht, mit (ii) einer 
Olphase, die wenigstens ein Olphasenmono- 30 
mer, das aus der Gruppe ausgewahlt ist, die 
aus Alkylacrylatestern nichttertiarer Alkylalko- 
hole, wobei die Alkylgruppen der Alkohole 4 bis 

18 Kohlenstoffatome umfassen, Alkylme- 
thacry latestern nichttertiarer Alky lalkohole, wo- 35 
bei die Alkylgruppen der Alkohole 4 bis 1 8 Koh- 
lenstoffatome umfassen, und Gemischen da- 
von besteht, ein multifunktionelles Vernet- 
zungsmittel sowie wenigstens einen olloslichen 
Radikalstarter umfaBt; 40 

(b) Bilden einer Wasser-in-6l-in-Wasser-EmuI- 
sion durch Dispergieren der Wasser-in-6l- 
Emulsion in einer waBrigen Phase dispergiert, 
die einen Emulgator mit einem hydrophil-lipo- 
philen Gleichgewicht von wenigstens 6 enthalt; 
sowie 

(c) Einleiten der Polymerisation. 

Verfahren zur Herstellung einer waBrigen Suspen- 
sion hohler Mikrospharen gemaB Anspruch 2, die so 
einen Durchmesser von wenigstens 1 Mikrometer 
haben, wobei das Verfahren die folgenden Schritte 
umfaBt: 

(a) Bilden von Tropfchen durch Zusammenmi- ss 
schen von 

i) wenigstens einem Monomer, das aus der 



Gruppe ausgewahlt ist, die aus Alkylacry- 
latestern nichttertiarer Alkylalkohole, wo- 
bei die Alkylgruppen der Alkohole 4 bis 18 
Kohlenstoffatome umfassen, Alkylme- 
thacrylatestern nichttertiarer Alkylalkoho- 
le, wobei die Alkylgruppen der Alkohole 4 
bis 18 Kohlenstoffatome umfassen, und 
Gemischen davon besteht; 

ii) -wenigstens einem polaren Monomer; 

iii) wenigstens einem multifunktionellen 
Vernetzungsmittel; 

iv) wenigstens einem Emulgator, der in der 
lage ist, innerhalb der Tropfchen eine Was- 
ser-in-6l-EmuIsion zu bilden, wobei die 
Emulsion wahrend des Emulgierens und 
der Polymerisation im wesentlichen stabil 
ist; 

v) wenigstens einem olloslichen Radikal- 
starter; 

vi) einer waBrigen Phase; und 
b) Einleiten der Polymerisation. 

9. WaBrige Suspension, die nach dem Verfahren ge- 
maB Anspruch 7 gebildet ist. 

10. WaBrige Suspension, die nach dem Verfahren ge- 
maB Anspruch 8 gebildet ist. 



Revendications 

1. Microsphere d'acrylate 6lastomere gonflable, non 
poisseuse, insoluble dans les solvants, ayant un 
module de cisaillement au stockage d'au moins 1 ,0 
x 10 8 pascals a 23°C et 1 Hz, et une Tg inferieure 
a environ 0°C, ladite microsphere comprenant le 
produit de polymerisation de: 

(a) 40 a 99,7% en poids d'equivalents d'un mo- 
nomere polymerisable par voie radicalaire 
choisi dans le groupe constitue par les esters 
acrylates d'alkyle d'alcools alkyliques non ter- 
tiaires, dans lesquels le groupe alkyle des al- 
cools comprend 4 a 18 atomes de carbone; les 
esters methacrylates d'alkyle d'alcools alkyli- 
ques non tertiaires, dans lesquels le groupe 
alkyle des alcools comprend 4 a 18 atomes de 
carbone; et des melanges de ceux-ci; 

(b) eventuellement, 45 a 1 % en poids d'equiva- 
lents d'un monomere polaire copolymerisable 
avec le monomere de Pelement (a); et 

(c) 1 0 a 0,3% en poids d'equivalents d'un agent 
de reticulation multifonctionnel. 

2. Microsphere selon la revendication 1 , dans laquelle 
ladite microsphere est creuse. 
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3. Microsphere selon la revendication 1 , dans laquelle 
ladite microsphere est pleine. 

4. Microsphere d'acrylate elastomere gonflable, non 
poisseuse, insoluble dans les solvants, ayant un 
module de cisaillement au stockage d'au moins 1 ,0 
x 10 6 pascals a 23°C et 1 Hz, et une Tg inferieure 
a environ 0°C, ladite microsphere comprenant le 
produit de polymerisation de: 

(a) 80 a 99,7% en pojds d'equivalents d'un mo- 
nomers polymerisable par voie radicalaire 
choisi dans le groupe constituS par I'acrylate 
d'isooctyle, I'acrylate de 4-methyl-2-pentyle, 
I'acrylate de 2-methylbutyle, I'acrylate d'isoa- 
myle, I'acrylate de s-butyle, I'acrylate de n-bu- 
tyle, I'acrylate de2-ethylhexyle, le methacrylate 
d'isodecyle, I'acrylate d'isononyle, I'acrylate 
d'isodecyle, et des melanges de ceux-ci; 

(b) eventuellement, 0 a 20% en poids d'equiva- 
lents d'un monomere polaire copolymtrisable 
avec le monomere de I'6l6ment (a), dans lequel 
ledit monomere polaire est choisi dans le grou- 
pe constitue par les acides monocarboxyliques 
et dicarboxyliques a insaturation ethylenique, 
les acrylates d'hydroxyalkyle, les acrylates de 
cyanoalkyle, les acrylamides, les acrylamides 
substituds, la N-vinylpyrrolidone, I'acrylonitrile, 
et des melanges de ceux-ci; et 

(c) 7 a 0,3% en poids d'equivalents d'un agent 
de reticulation multifonctionnel, dans lequel le- 
dit agent de reticulation multifonctionnel est 
choisi dans le groupe constitue" par les (meth) 
acrylates multifonctionnels, les agents de reti- 
culation polyvinyliques et les acrylates d'ure- 
thane difonctionnels. 

5. Microsphere selon la revendication 4, dans laquelle 
ladite microsphere est creuse. 

6. Microsphere selon la revendication 4, dans laquelle 
ladite microsphere est pleine. 

7. Procede de preparation d'une suspension aqueuse 
de microspheres creuses selon la revendication 2, 
ayant un diametre d'au moins 1 micrometre, ledit 

\proc6d6 comprenant les etapes qui consistent a: 

a) former une emulsion eau dans huile par com- 
binaison (i) d'une phase aqueuse constitute 
d'eau et, le cas Scheant, d'au moins un mono- 
mere polaire; avec (ii) une phase huileuse 
constitute d'au moins un monomere en phase 
huileuse choisi dans le groupe constitue par les 
esters acrylates d'alkyle d'alcools alkyliques 
non tertiaires, dans lesquels le groupe alkyle 
des alcools comprend 4 a 1 8 atomes de carbo- 
ne; les esters methacrylates d'alkyle d'alcools 



alkyliques non tertiaires, dans lesquels le grou- 
pe alkyle des alcools comprend 4 a 1 8 atomes ' " 
de carbone; et des melanges de ceux-ci; d'un 
agent de reticulation multifonctionnel; et d'au 
5 moins initiateur de radicaux libres oleosoluble; 

b) former une emulsion eau dans huile dans 
eau par dispersion de 1'emulsion eau dans huile 
dans une phase aqueuse contenant un emul- 
sifiant. ayant un rapport hydrolipophile d'au 

to moins 6; et 

c) amorcer la polymerisation. 

8. Procede de preparation d'une suspension aqueuse 
des microspheres creuses selon la revendication 2, 

is ayant un diametre d'au moins 1 micrometre, ledit 
procede comprenant les etapes qui consistent a: 

a) former des gouttelettes par melange 

i) d'au moins un monomere choisi dans le 
groupe constitue par les esters acrylates 
d'alkyle d'alcools alkyliques non tertiaires, 
dans lesquels le groupe alkyle des alcools 
comprend 4 a 18 atomes de carbone; les 
esters methacrylates d'alkyle d'alcools alk- 
yliques non tertiaires, dans lesquels le 
groupe alkyle des alcools comprend 4 a 18 
atomes de carbone; et des melanges de 
ceux-ci; 

ii) d'au moins un monomere polaire; 

iii) d'au moins un agent de reticulation mul- 
tifonctionnel; 

iv) d'au moins un 6mulsifiant qui est capa- 
ble de produire une emulsion eau dans hui- 
le a i'interieure desdites gouttelettes, ladite 
Emulsion §tant pratiquement stable pen- 
dant I'emulsification et la polymerisation; 

v) d'au moins un initiateur de radicaux li- 
bres oleosoluble; 

vi) d'une phase aqueuse, et 

b) amorcer la polymerisation. 

9. Suspension aqueuse form6e selon le procede de la 
revendication 7. 

10. Suspension aqueuse formed selon le procede de la 
revendication 8. 
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